41.4 mol%, respectively. Based on 16S rRNA gene sequence analysis, physiological and biochemical characteristics, strains L2-4 T (5CECT 8122 T 5LMG 26919 T ) and L2-109 (5CECT 81215LMG 26920) are considered to represent a novel species of a new genus, for which the name Heliimonas saccharivorans gen. nov., sp. nov. is proposed. The type strain of Heliimonas saccharivorans is L2-4
T . Due to additional results obtained in this study an emended description of Filimonas lacunae is provided.
Two bacterial strains, designated L2-4 T and L2-109, were retrieved from the borehole head of a mineral water aquifer in Portugal (40 u 239 N 8 u 239 W). Phylogenetic analysis allocated strains L2-4 T and L2-109 to the family Chitinophagaceae within the phylum Bacteroidetes. The family Chitinophagaceae comprises, at the time of writing, 14 genera, namely Chitinophaga (Sangkhobol & Skerman, 1981) , Ferruginibacter (Lim et al., 2009) , Filimonas (Shiratori et al., 2009) , Flavihumibacter (Zhang et al., 2010b) , Flavisolibacter (Yoon & Im, 2007) , Flavitalea (Wang et al., 2011 ), Hydrotalea (Kämpfer et al., 2011 , Lacibacter (Qu et al., 2009) , Niabella (Kim et al., 2007) , Niastella (Zhang et al., 2010a) , Parasegetibacter (Zhang et al., 2009) , Sediminibacterium (Qu & Yuan, 2008) , Segetibacter and Terrimonas (Xie & Yokota, 2006) , many of which comprise only one or two species. In this study we report the isolation and characterization of two strains representing a novel species of a new genus within the family Chitinophagaceae.
Samples were obtained from the artesian aquifer through the sampling port at the head of a 150 m stainless steel borehole in central Portugal. The artesian water vented at a temperature of 28.0 uC with a pH of 5.9. The major cations (in mg l 21 ) were: Na + , 10.2; K + , 1.7; Ca 2+ , 0.9; and Mg 2+ , 2.4. The major anions (in mg l
21
) were: Cl 2 , 8.6; SO 4 2-, 2.0; HCO 3 2 , 25.1; F 2 , 0.1; NO 3 2 , 1.4; and H 2 PO 4 2 , 0.2. The port was sterilized with the flame of a portable gas torch and the water was then turned on for 10 min before sampling. Water samples were maintained at 4 u C for about 6 h before filtration.
Aliquots of 500 ml were filtered through membrane filters (Gelman type GN-6); strains L2-4 T and L2-109 were isolated from the same sample of borehole head water. Strain L2-4 T was isolated from a filter (0.1 mm pore size) placed on the surface of solidified R2A agar (Difco) containing cycloheximide (10 mg l 21 ) to inhibit the growth of fungi. Strain L2-109 was isolated from a filter (0.2 mm pore size) placed on the surface of one-tenth strength R2A agar (Difco) containing cycloheximide (10 mg l
) and to which 15 g agar l 21 (Oxoid) was added. The plates were wrapped in plastic to prevent evaporation and incubated at 22 u C for up to 21 days. Cultures were purified by subculturing and the isolates stored at 270 u C in R2A broth with 15 % (w/v) glycerol.
Random amplified polymorphic DNA (RAPD) analysis was used as a primary method to group the isolates as described by Wiedmann-al-Ahmad et al. (1994) (data not shown). A total of 267 isolates were recovered from the borehole head. The isolates belonged primarily to the class Alphaproteobacteria, mainly from the orders Sphingomonadales and Caulobacterales. All isolates were grouped using RAPD analysis (data not shown). Strains L2-4 T and L2-109 had the same RAPD pattern and probably represent the same clone.
The extraction of genomic DNA for 16S rRNA gene sequence determination, PCR amplification of the 16S rRNA gene and sequencing of the purified PCR products were carried out as described previously (Rainey et al., 1996) . Pairwise similarities of the almost-complete sequence of strain L2-4 T were determined using the online EzTaxon-e database and analysis functions (Kim et al., 2012) . The phylogenetic dendrogram (Fig. 1) showing the relationships between strain L2-4 T and related taxa was reconstructed by the neighbour-joining method using the MEGA 4.0 software package (Tamura et al., 2007) .
Almost-complete 16S rRNA gene sequences 1456 and 1291 nt in length were determined for strains L2-4 T and L2-109, respectively. Pairwise 16S rRNA gene sequence similarity between strains L2-4 T and L2-109 was 100 %. Phylogenetic analysis showed that the new isolates clustered with the family Chitinophagaceae in the phylum Bacteroidetes (Fig. 1) . 16S rRNA gene sequence comparisons showed that the sequence of strain L2-4 T shared pairwise similarities in the range 88.2-91.6 % with species of genera of the family Chitinophagaceae. These included species of the genera Flavisolibacter (91.5-91.6 %), Terrimonas (90.6-91.4 %), Filimonas (91.4 %) and Niastella (90.9-91.2 %). These similarity values along with the branching of strain L2-4 T in the phylogenetic tree clearly demonstrate that this strain does not belong to a previously described genus. From a phylogenetic standpoint, based on 16S rRNA gene sequence comparisons strain L2-4 T represents a novel species of a new genus within the family Chitinophagaceae and L2-109 is a clone of the same strain.
Hydrotalea flava CCUG 51397
T and Filimonas lacunae DSM 21054
T were used for comparative purposes. Unless stated otherwise, all biochemical and tolerance tests were performed as described previously (Albuquerque et al., 2011) in R2A broth or on R2A agar plates incubated at 30 u C for up to 5 days. Cell morphology and motility were examined by phase-contrast microscopy. Gliding motility was examined as described by Bernardet et al. (2002) . The growth temperature range of the strains was examined with 5 u C increments between 5 and 50 u C by measuring the turbidity (610 nm) of cultures incubated in 300 ml metalcapped Erlenmeyer flasks, containing 100 ml R2A broth. The pH range for growth was determined at 30 u C in the same medium using 50 mM MES, HEPES, TAPS and CAPSO over a pH range from 4.0 to 10.0 with intervals of 0.5 pH units. Growth in salt-containing medium was determined visually in R2A broth with additional NaCl ranging between 0.0 and 5.0 % (w/v) with intervals of 0.5 %. Anaerobic growth was assessed in the same medium, containing KNO 3 (1.0 g l 21 ), incubated in anaerobic chambers (GENbox anaer; bioMérieux).
Catalase and oxidase activities and nitrate reduction were examined as described by Smibert & Krieg (1981) . Additional characteristics were obtained using the API ZYM system (bioMérieux) and API 20 NE (bioMérieux) test strips incubated at 30 u C, following the manufacturer's instructions. Hydrolysis of casein, starch and aesculin was determined in R2A agar as described by Smibert & Krieg (1981) . Chitin hydrolysis was tested using the method described by Skujins et al. (1965) . The presence of flexirubin-type pigments was determined by flooding a small mass of bacterial cells with 20 % KOH according to Bernardet et al. (2002) .
Single carbon source assimilation tests were performed in a medium composed of Degryse basal salts (Degryse et al., 1978) to which 0.1 g yeast extract l 21 and 0.5 g ammonium chloride l 21 were added. Positive control cultures were grown in Degryse medium containing 2.5 g yeast extract l 21 and 2.5 g tryptone l 21 and negative controls were grown in minimal medium without a carbon source. The following filter-sterilized carbon and energy sources were tested: amino acid mixture as described by Hudson et al. (1989) Growth was also assayed in Degryse basal salts supplemented with the amino acid mixture (Hudson et al., 1989) with and without 2.0 g fructose l 21 ; Degryse basal salts supplemented with 0.5 g Casamino acids l 21 with and without 2.0 g fructose l
21
; Degryse basal salts supplemented with 1 g tryptone l
; Degryse basal salts supplemented with 1 g peptone l
; Degryse basal salts supplemented with 1 g yeast extract l
; Degryse basal salts supplemented with 1 g meat extract l
; and nutrient broth, plate count broth and trypticase soy broth (Difco). Growth of the strains was examined by measuring the turbidity of cultures incubated at 30 u C in 20 ml screw-capped tubes containing 10 ml medium for up to 5 days.
Strains L2-4
T and L2-109 formed irregular and translucent colonies on R2A medium, giving rise to Gram-stainnegative pleomorphic cells. Cells from a young culture had a rod-shaped morphology, while irregular and coccoid morphologies appeared with ageing. The optimum growth temperature was about 30 uC for both strains and the optimum pH was about 6.0-7.0. Nitrate and nitrite were not reduced. Anaerobic growth in the presence of nitrate was not observed. Other biochemical and physiological characteristics are listed in Table 1 . During the assessment of carbon source assimilations, our results showed that strains L2-4 T and L2-109 assimilated only carbohydrates as single carbon source. Growth was not observed on single amino acids, the amino acid mixture of Hudson et al. (1989) , Casamino acids, polyols or organic acids. Growth did not occur on basal salts medium supplemented with tryptone or peptone. Strains L2-4 T and L2-109 grew on basal salts medium supplemented with yeast extract or meat extract and in plate count broth, nutrient broth and trypticase soy broth. The organisms grew on basal medium supplemented with the amino acid mixture only when a sugar such as fructose was added to the medium, indicating that amino acids were used as nitrogen source but were not used as carbon source. The only explanation for this observation is that gluconeogenesis is not functional under the conditions examined, because organic acids in the presence of ammonium chloride and amino acids in the presence or absence of ammonium chloride do not support growth. On the other hand, the addition of a sugar and the amino acid did support growth of the organisms, which cannot otherwise synthesize sugars.
Cultures of strains L2-4
T , L2-109 and Filimonas lacunae YT21 T for polar lipids were grown in R2A medium at 30 u C for 2 days. Harvesting of the cultures, extraction of the lipids and two-dimensional TLC were performed as described previously (da Costa et al., 2006) . The reagents dodecamolybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol-sulphuric acid were used for testing the presence of total polar lipids, phospholipids, aminolipids and glycolipids, respectively (da Costa et al., 2006) .
Lipoquinones of strain L2-4
T were extracted from freezedried cells, purified by TLC and separated by HPLC (da Costa et al., 2006; Tindall, 1989) . The lipoquinones were separated by HPLC with a Gilson chromatograph by using a reversed-phase Hichrom 5 C18 column and methanol/heptane (10 : 2, v/v) as the mobile phase and were detected at 269 nm. Cultures of strains L2-4 T , L2-109, Filimonas lacunae YT21 T and Hydrotalea flava CCGU 51397
T for fatty acid analysis were grown on R2A plates, in sealed plastic bags submerged in a water bath at 30 u C for 48 h. Fatty acid methyl esters were obtained from fresh wet biomass and were separated, identified and quantified with the standard MIS Library Generation Software (Sherlock Microbial ID System, TSBA 6 database, version 6.0) as described previously (da Costa et al., 2006).
The polar lipid pattern on TLC of strains L2-4
T and L2-109 consisted of phosphatidylethanolamine, one unidentified phospholipid, four unidentified aminophospholipids, four unidentified aminolipids and three unidentified polar lipids (Fig. 2) . The only respiratory lipoquinone was menaquinone 7. The fatty acid composition of strains L2-4 T and L2-109 was dominated by 17 : 0 iso 3-OH, 15 : 0 iso and 15 : 1 iso G (Table 2 ) . Other members of the family Chitinophagaceae have the same major fatty acids but in distinct relative proportions. The organism represented by strains L2-4 T and L2-109 has the highest levels of 17 : 0 iso 3-OH; 15 : 0 iso is the major fatty acid in all other type species of this family (Kämpfer et al., 2011; Wang et al., 2011) .
DNA for the determination of the genomic G+C content was isolated as described by Nielsen et al. (1995) . The G+C content of the DNA was determined by HPLC as described by Mesbah et al. (1989) . The G+C content of the DNA of strains L2-4 T and L2-109 was 42.0 and 41.4 mol%, respectively.
Phylogenetic analysis based on 16S rRNA gene sequences showed that strains L2-4 T and L2-109 formed a distinct lineage sharing pairwise similarities in the range 88.2-91.6 % with species of genera of the family Chitinophagaceae. Moreover, the inability of these organisms to assimilate any amino acids, amino acid mixtures or proteins clearly distinguish strains L2-4 T and L2-109 from closely related species, such as the type strains of Hydrotalea flava, Hydrotalea sandarakina and Filimonas lacunae, which assimilate several amino acids (Albuquerque et al., 2012; Kämpfer et al., 2011; Shiratori et al., 2009) . Unfortunately, the last named species was described as being unable to assimilate amino acids using the Biolog GN2 microplate system, which does not assess assimilation, and the API 20NE system. In other closely related organisms such as Flavisolibacter ginsengiterrae Gsoil 492 T , Terrimonas ferruginea IAM 15098 T and Lacibacter cauensis NJ-8 T , for which the assimilation of only a few amino acids was examined, the results nevertheless indicate that these organisms assimilate some amino acids in the absence of sugars. We showed that Filimonas lacunae YT21 T could, in fact, assimilate several amino acids using a traditional methodology where a single carbon source is added to a basal medium along with negative and positive controls. Due to the different single carbon source assimilation results and the absence of a polar lipid profile in the description of Filimonas lacunae YT21 T (Shiratori et al., 2009) , we emend the description of this organism. On the basis of chemotaxonomic and phenotypic characteristics, especially the absence of amino acid utilization, and the low 16S rRNA gene sequence similarity, as compared with other closely related organisms, we suggest that strains L2-4 T and L2-109 represent a novel species of a new genus for which the name Heliimonas saccharivorans gen. nov., sp. nov. is proposed. Shiratori et al. 2009 Characteristics are as given for the description of the species by Shiratori et al. (2009) In addition of the characteristics reported for the genus, cells are pleomorphic without gliding motility. Colonies on R2A medium are faintly cream-coloured, translucent and irregular. Growth occurs between 10 and 45 u C; the optimum growth temperature is about 30 u C. The optimum pH for growth is between 6.0 and 7.0; growth does not occur at pH 4.0 or 9.5. Growth occurs only in medium with less than 0.5 % NaCl. In addition to the major polar lipids, four unidentified aminophospholipids, four unidentified aminolipids and three unidentified polar lipids are present. Negative for reduction of nitrate to nitrite, glucose fermentation and indole production. Flexirubin-type pigments are not detected. Positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase; weakly positive for esterase (C4) and esterase lipase (C8); and negative for lipase (C14), a-chymotrypsin, b-glucuronidase, arginine dihydrolase and urease. 
Emended description of Filimonas lacunae
L-tyrosine, Hudson's amino acid mixture, glycerol, mannitol, L-arabitol, myo-inositol, ethanol, methanol or xylitol. 
